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into the plaque. The role of thrombus in the
development and growth of the plaque is un-
certain, and many workers consider that it is
unlikely to be the major source of atheromat-
ous lipid.

The fibrous tissue which forms the superficial
(sub-endothelial) part of the atheromatous
plaque is provided, at least in part, by the pro-
liferated smooth muscle cells, which have been
shown in tissue culture to be capable of pro-
ducing collagen, elastin and the proteoglycans
of ground-substance. These are curious cells,
reminiscent in their properties of the myofibro-
blasts of healing wounds (p. 84). Another sur-
prising observation has been provided by the
study of iso-enzymic forms of glucose-6-phos-
phate dehydrogenase. These enzymes are en-
coded by X chromosomes, and many American
negresses are heterozygous, so that, as a result
of Lyonisation (p. 513), half of their cells pro-
duce one type (A) of iso-enzyme and the re-
mainder produce another (B). Analysis of early
cellular atheromatous plaques from such hetero-
zygous women has shown that the smooth
muscle cells of some plaques produce only iso-
enzyme A, while those of other plaques (from
the same individual) produce only B. This
suggests that the cellular proliferation in each
plaque is monoclonal, although there are other
possible explanations. This remarkable finding
may be of basic importance in atherogenesis
(see Benditt, 1977).

The necrosis which occurs in the lipid-rich
depth of the atheromatous plaque may be due
to ischaetnia, although the deeper part of the
plaque is supplied by the vasa vasorum which
extend into the (normally avascular) intima of
affected arteries. Another possible factor is the
presence in the plaque of small amounts of
unusual lipids shown to be capable of inducing
tissue injury.

The story of focal endothelial injury resulting
in ingress of lipids by insudation and in de-
position of platelets seems a reasonable explan-
ation of the development of early atheroma.
It does not, however, account for the growth
of the plaque once a well-defined superficial
layer of fibrous tissue has formed: neither
insudation from the lumen nor mural throm-
bosis would account for further increase
ill lipid deep in the intimal plaque, the most
source of which 'seems to be the vasa
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Predisposing or 'risk9 factors

While the pathogenesis of atheroma is not fully
understood, there are a number of factors
which are known to predispose to its develop-
ment. These are as follows.

Blood lipids. An important relationship be-
tween blood lipids and atheroma is indicated
by the following observations.

(1)  There is a positive correlation between the
average level of the serum or plasma cholesterol
(which depends mainly on diet) in a community
and the incidence and severity of atheroma.

(2)  Individuals with a high plasma total chol-
esterol level have an increased risk of ather-
oma, and the incidence of severe atheroma is
very high in subjects with diseases accompanied
by hypercholesterolaemia, for example diabetes
mellitus, myxoedema, familial hyperbetalipo-
proteinaemia (p. 30) and the nephrotic syn-
drome.

(3)    Lesions   resembling   atheroma   can   be
produced   in  various   animal   species  by  a
cholesterol-rich diet.

Hyperlipidaemia is now classified into the
various types of hyperlipoproteinaemia, which
differ in the type of lipoprotein which is in-
creased and in their dependence on genetic and
dietary factors. It is obviously important to
determine whether atheroma is related to rise
of a particular lipoprotein fraction and, if so,
whether the hyperlipoproteinaemia can be cor-
rected by diet. Unfortunately there is no simple
method of assessing the presence, distribution
and severity of atheroma during life unless it
gives rise to symptoms. Accordingly, it is usual
to regard ischaemic heart disease (IHD) as an
indication of severe atheroma, and to seek
associations between possible risk factors, e.g.
hyperlipidaemia and IHD. It must be ap-
preciated that IHD is a crude indication of
atheroma, for in some patients with IHD, athe-
roma is limited mainly to the coronary arteries,
and many people without IHD have severe
atheroma. Also, IHD is commonly due to oc-
clusive coronary artery thrombosis super-
imposed on atheroma, and accordingly it is not
known whether risk factors implicated by such
studies predispose to atheroma, to superadded
thrombosis, or to both.

Nevertheless, useful information has been
provided by population studies. In the Fram-
ingham investigation in Massachussets, re-